To evaluate the increase in overuse injuries in the adolescent athlete, specifically sports-related injuries to the foot and ankle of the adolescent runner. Factors affecting these injuries include anatomic considerations, gender, rate of development, growth, training errors, shoe wear, and running surface.
Introduction
As the explosion in leisure activities continues, there exists a parallel increase in the number of injuries to those participating athletes, both young and old alike. The pediatric population has, by its very nature, a propensity for injury in excess of the adult population. This is due to a number of factors, principally growth cartilage injuries and overuse injuries in a developing skeleton. The current article outlines the causes of and risk factors for common adolescent sports injuries to the foot and ankle. In addition, specific injuries are discussed with a view to prevention, diagnosis, and treatment.
Overuse injuries
The adolescent runner is prone to overuse syndrome as the demands and expectations of a runner increase from coaches, parents, and peers alike [1,2••,3••]. The factors responsible for this syndrome can be defined under two main broad categories: intrinsic and extrinsic factors. The intrinsic factors include anatomic considerations, gender, development, and growth considerations. The extrinsic factors include training errors, shoe wear, running surface, long distance, and speed running.
Intrinsic factors in overuse syndrome

Anatomic alignment and development
Adolescent athletes with a cavus foot are prone to lateral foot injuries including stress fractures of the fifth metatarsal and ankle sprain. In contradistinction, adolescent athletes with flat feet have few problems and can run without the aid of orthoses in most cases. However, careful attention must be paid to those adolescents who present with painful planus or flat feet to rule out tarsal coalition, tight gastrocsoleus muscle tendon units, or peroneal muscle spasm. In those cases, orthoses may provide relief when combined with a vigorous physical therapy regimen or, in some cases, surgical correction. Although tarsal coalition is present in just over 1% of the adolescent population, it is a condition that must always be thought of when an adolescent athlete presents with a chronic ankle sprain not responding to conventional therapy [4] (Fig. 1) . pronated feet. We have found little clinical evidence that an orthotic device that attempts to correct pronation to a more supinated position has any long-term benefit, and there is some evidence that this may lead to stress fractures secondary to altered biomechanical loading.
Anatomic variants of forefoot metatarsal length may also contribute to overuse and stress fractures in the second metatarsal in adolescents with a long second ray, the Morton foot. Similarly, patients with a Morton-type foot are more prone to Freiberg infraction (Fig. 2) .
Anatomic development in adolescent years is variable and impacts performance and injury significantly. Muscle strength, mass, and cardiopulmonary endurance all increase at differing levels during adolescence, making a level playing field difficult for children at comparable chronological age. Adolescent runners are prone to muscular imbalance secondary to repetitive training and asynchronous muscle growth. Strong quadriceps in combination with strong gastrocsoleus complex and a weak hamstring muscle group is a common combination in the adolescent runner. This combination can predispose to hamstring strain and avulsion, in addition to Achilles tendon rupture, and calcaneal apophysitis (Fig. 3) .
Extrinsic causes of overuse syndrome Footwear
Adolescents with pronated feet should use a contemporary sports shoe with a rigid shank, whereas those runners who have a supinated foot should be fitted with a more flexible shoe. Most manufacturers use a combination of EVA and polyurethane in the soles of the shoes. Differing densities of each provide either a cushioned, flexible sole or a motion-control shoe. Wear patterns on the heel indicate if a runner is a pronator or supinator. More importantly, wear patterns indicate that a shoe should be changed. Ideally, athletic shoes should be changed four times a year for an athlete running greater than 70 miles per week.
In those adolescent runners involved in sprinting, spiked running shoes are worn. Currently, six 9-mm spikes are the standard for synthetic track running. Care should be taken in the fitting of the shoe to ensure that the nylon lug, into which the spike screws, is not directly under the sesamoid bone of the first ray. This can present as sesamoiditis or a neurapraxia of Joplin nerve. For long distance running events, a rigid heel counter is required to control heel strike. A flared heel increases hindfoot stability for those with pronated feet.
Inappropriate footwear and sock wear can lead to blisters and nail problems. A running sock provides a buffer between the impact of the shoe and the foot during the stance phase of the running cycle. Running socks should be replaced at regular intervals to maintain their efficiency. Blisters should be drained with a sterile needle and dressed with nonslip tape. Moleskin or an alternate cushioned material should be used in the shoe until the blister has resolved.
Running surfaces
Natural grass provides excellent shock absorption, with little torque, but athletes are susceptible to slipping on uneven terrain, causing ankle and subtalar sprains.
Synthetic surfaces have less shock absorption and increased torque; however, they have greater traction, thereby increasing speed. In addition, these running surfaces are predictable, unlike traditional natural surfaces. In those athletes training on road surfaces, care must be taken to avoid the same cant in the road run-off to avoid unilateral foot overload. Running on the opposite side of the road on alternate days can reduce this problem.
Training patterns
Adolescent athletes are as prone as adults are to poor form, poor habits, and poor training patterns. Each of these contributes to overuse injuries. In general, sudden changes in intensity, frequency and duration of training have a linear correlation with the number of overuse injuries. Growth plate or physeal injury has also been documented to be at greater risk with increased training. Despite that however, no correlation has been shown between increased training and permanent physical damage resulting in growth arrest or angular deformities.
Physeal injuries
Adolescent cartilage has three main areas that are susceptible to injury from overuse or trauma: the growthplate itself, or physeal plate, the apophysis, and the articular cartilage.
Repetitive microtrauma from overuse has not, to date, been implicated in physeal growth plate injury resulting in long-term deformity about the foot and ankle. Most physeal injuries that occur as a result of minor trauma from running can heal without long-term risk of deformity. Despite that, however, major physeal injury after a Tillaux or triplane ankle fracture can produce long-term growth deformities, secondary to violation of the growth plate. These severe injuries are unlikely to be a result of running, requiring a high energy of injury, and are therefore not included in this article.
Most cartilage injuries in adolescent runners are overuse injuries rather than sudden traumatic events and occur at traction apophyses rather than the growing physes. This method of injury predisposes to Sever disease of the calcaneus and traction apophysitis of the fifth metatarsal in the foot. As adolescents enter the growth spurt, the long bones outgrow the muscle tendon units, thus placing excess stress through the tendon-bone junction [2••,3••]. There is much debate as to the presence of growing pains; however, there is little doubt that the incidence of traction apophysitis correlates with the growth spurt in young athletes.
As growth plate cartilage has poor resistance to shear forces, so too is adolescent articular cartilage at risk from shear strain and repetitive loading. Under these conditions, osteochondral defects of the talus, particularly anterolateral lesions, are thought to occur [4] . These anatomic and physiologic etiologies of cartilage injury may be reduced by appropriate footwear and modifying the frequency and duration of running.
Specific injuries Hindfoot pain
The differential diagnosis of hindfoot pain in adolescent athletes is extensive. Many congenital, inflammatory, neoplastic, metabolic, and infective causes can be eliminated by a careful history and examination. The most prevalent overuse injuries in the hind foot include the following.
(1) Calcaneal apophysitis (Sever disease) (2) Achilles peritendonitis and tendonosis (3) Plantar fascitis (4) Retrocalcaneal bursitis (5) Calcaneal stress fractures
Calcaneal apophysitis
The vertically oriented epiphysis of the 2°ossification center of the calcaneus is susceptible to shearing forces from the strong gastrocsoleus complex. In general, this condition presents in patients age 8 to 12 years and is more common in boys. The etiology of this entity may be related to inherent biomechanical conditions, including forefoot varus, pes cavus or planus, or may be due to reduced flexibility, secondary to growth spurt limitations. Any single factor or combination of factors may predispose to poor shock absorption in the adolescent foot, resulting in excess forces about the heel [5] [6] [7] . Symptoms occur during or right after running where the Achilles apophysis is tender on palpitation.
Radiographs may show sclerosis and fragmentation of the apophysis; however, this is not required for a diagnosis (Fig. 3) . Radiographs may also help to identify calcaneal stress fractures or other lesions.
Treatment consists of activity modification, stretching, and ice massage. A 0.5-inch visco heel cup should be worn in both shoes to reduce Achilles tendon stretch. If symptoms persist, a fiberglass cast can be applied for 6 weeks. Because Sever disease is self-limiting, there is rarely a role for surgical intervention.
Achilles peritendonitis and tendonosis
Inflammation of the tendon sheath or tendon is part of the same continuum of disease, and the causes are usually a tight gastrocsoleus complex with or without a pronated foot, in the adolescent runner.
Symptoms are similar; however, tendon inflammation can be differentiated from tendon sheath inflammation by the more diffuse appearance of swelling of the latter that does not move on ranging the ankle joint. In contradistinction, Achilles tendon inflammation can be felt as a bulbous swelling that moves on dorsoplantar flexion.
Treatment is based on breaking the cycle of inflammation and addressing the underlying cause. A CAMwalker boot is prescribed for 23 hours a day for 2 weeks. The cam Walker should have a 0.5-inch heel raise to reduce the resting tension in the Achilles tendon complex. In some adolescent athletes, it may be advisable to use a fiberglass cast for 2 weeks to prevent repetitive covert use of the affected limb out of the cam-walker.
Once the cycle of inflammation has been broken, physical therapy can be used to stretch a tight gastrocsoleus. Rarely, is it necessary to do a gastrocsoleus recession or Achilles tendon lengthening.
Retrocalcaneal bursitis
Inflammation of the retrocalcaneal bursa is caused by repetitive motion of the Achilles tendon over the posterosuperior aspect of the calcaneus or by pressure of the heel counter, or by a combination of both. Dorsiflexion of the ankle precipitates the pain.
Radiographs may help identify the anatomic cause, a hatchet-shaped posterior calcaneus. A Fowler and Philip angle of greater than 75°or more is abnormal.
Treatment is directed at reducing inflammation with ice, protective padding, soft heel counters, and antiinflammatory medication. Surgical resection is rarely indicated in adolescents before physeal closure [8] .
Plantar fascitis
Repetitive loading of the plantar fascia can cause medial arch strain in the adolescent. This is common in runners and is often more distal than plantar fascitis found in adults. It should be carefully examined to rule out medial plantar nerve compression, the so-called joggers nerve. In addition, adolescent runners may experience pain directly under the calcaneus from plantar fascitis, often called a stone bruise.
Plantar fascitis is often associated with a cavus or pronated foot. As such, treatment should be directed initially to a running shoe with increased shock absorption. This is followed by a physical therapy program that includes deep tissue massage, tibialis anterior strengthening, gastrocsoleus stretching, and occasionally antiinflammatory medication. Steroid injection should be used sparingly and as a last resort in recalcitrant cases. Ultrasound-guided injections can define the area of inflammation more clearly and limit the risk of inadvertent plantar fascia rupture.
Ankle pain
Adolescent runners are prone to many ankle problems including (1) os trigonum syndrome, (2) osteochondral lesions of the talus, (3) ankle sprains, and (4) ankle fractures, discussed in the following sections.
Os trigonum syndrome
The os trigonum is an accessory bone that develops from a secondary ossification center at the posterior aspect of the talus. It can be apparent radiologically, as a separate ossicle, or can be fused to the talus as a Stieda process. In general, symptoms occur as a result of impingement of the soft tissue between the process and the posterior aspect of the tibia when the ankle is held in plantar flexion. Typically, this occurs in ballet dancers in the en-pointe position, but can also occur from repetitive trauma in cross-country runners involving hill work [9] . Most cases of os trigonum syndrome can be diagnosed from a careful history and examination in conjunction with a plain radiograph. Occasionally a MRI scan may be required to rule out a fracture of the process in the adolescent skeletally immature patient. Treatment consists of breaking the cycle of inflammation with antiinflammatory medication and rest in a CAM walker for a period of 1 week in the acute phase. This is followed by activity modification with restriction on hill work. Rarely do these lesions improve an athlete's range of motion when removed, but in recalcitrant cases of pain, they can be surgically resected.
Osteochondral lesions of the talus (OCD)
Osteochondral lesions to the talus are common in adolescent athletes and may be found as an incidental finding on a plain radiograph (Fig. 5) or MRI. They may arise as a result of an inversion injury or sprain or may arise de novo from microcirculatory impairment. When symptomatic, patients present with diffuse ankle pain with swelling and occasional locking or catching in the joint secondary to loose fragments. In the adolescent athlete with persistent pain after an ankle sprain, careful attention must be directed to rule out an OCD lesion.
Treatment of OCD lesions depends on the grade of lesion and symptoms. In general, asymptomatic cysts with intact cartilage can be treated expectantly. In patients with symptomatic lesions, when the cartilage is intact, retrograde drilling can stimulate neovascularization and bone formation within the cyst. This preserves the overlying cartilage. When the cartilage is loose or partially attached, antegrade drilling can promote fibrocartilage scarring within the defect. In larger lesions, osteochondral plugs or autografts can provide satisfactory outcomes [10] [11] [12] .
Ankle sprains
The ankle is commonly sprained in adolescents and adults alike and is the most common sports-related injury. The lateral ankle stabilizers including the anterior talofibular ligament (ATFL) and the calcaneofibular ligament (CFL) are the most commonly injured ligaments. In general, the ATFL is injured when the athlete inverts the foot in a plantar-flexed position. Occasionally this can cause an avulsion fragment from the tip of the fibula (Fig. 5) . Symptoms include pain and swelling at the lateral aspect of the ankle. Treatment is centered around a triple-phase rehabilitation program. The initial phase includes rest, ice, and high elevation. After 2 to 3 days, the athlete is encouraged to commence weight bearing as tolerated in an air cast or sports brace. The second phase of treatment includes range-of-motion exercises with peroneal muscle strengthening. Finally, at 10 to 14 days after the injury, the patient begins the third phase of treatment with proprioceptive and balance training. This final phase is critical to prevent further injury and chronic sprains. A functional instability can remain after restoration of mechanical stability and it is the third phase of treatment that addresses this functional deficit [13, 14] . More than 90% of patients will return to full activity after therapy. Of those who do not, surgical procedures can be broadly categorized as checkrein procedures or anatomic procedures. The BrostromGould procedure is an anatomic reconstruction of the ATFL using the inferior extensor retinaculum to augment the construct. Results of this lateral ankle stabilization procedure have been uniformly excellent [15, 16] .
Several checkrein procedures have been described using both the peroneus brevis and allograft materials. These procedures should be reserved for patients in whom the ATFL is completely destroyed or in athletes under great physiologic loads, including linemen over 300 lb. The checkrein procedures can provide excellent functional outcomes; however, there are some concerns that normal kinematics can be lost, and therefore the current authors favor an anatomic reconstruction within the adolescent population [17, 18] .
Midfoot pain
Adolescent athletes who present with midfoot pain must be examined with a view to ruling out inflammatory arthropathies and trauma. After the exclusion of these two pathologies, the most common cause of midfoot pain includes (1) Kohler disease, (2) accessory navicular, (3) stress fracture of the tarsal navicular, and (4) neurapraxia of medial plantar nerve (Jogger nerve).
Kohler disease
Idiopathic osteonecrosis of the navicular bone is a selflimiting process associated with repetitive trauma to the developing epiphysis. Pediatric athletes present with tenderness and swelling over the navicular bone after running. Although the naviculum is the last tarsal bone to ossify, this condition is not common in adolescents and usually presents before the age of 10 years with a male gender predilection.
Treatment is directed towards initial immobilization and rest in a CAM-walker for up to 6 weeks followed by a wedge arch support orthotic. Normal navicular architecture, as evidenced by radiographs, can take up to 1 year to return. Long-term results are excellent, and athletes are expected to return to normal activities within 3 months. Failure to treat this entity expeditiously, however, can result in poor outcomes requiring long-term Chopart joint fusion [19] .
Accessory navicular bone
Although an accessory navicular bone can exist in up to 20% of the population, this condition only becomes symptomatic after repetitive trauma from running or football-type activities. Patients typically present with pain over the medial forefoot with a prominence or visible swelling over the naviculum. The arch may be flattened secondary to posterior tendon spasm and foot pronation. When the foot is forcibly inverted, symptoms will be increased.
Radiographically, on a reverse oblique view, this condition may present with an ossification center that is lateral, proximal and plantar to the naviculum. Three types of accessory navicular exist; type 1 represents a true sesamoid bone within the tibialis posterior tendon and is usually asymptomatic. Type II represents a cartilaginous synchondrosis between the main body of the navicular and the accessory bone. It is the most common type and may be symptomatic secondary to repetitive trauma from overuse. Type III represents an ossification of a type II lesion and is not typically symptomatic. Type III lesions, however, may cause a pressure pain against tight-fitting sneakers and can be treated simply with appropriate footwear.
Treatment in general is aimed at relieving the immediate inflammatory response with rest and antiinflammatory medication and a cam walker or cast for 3 to 6 weeks. Once the acute phase has resolved, a medial longitudinal arch support can be worn to prevent pronation and tibialis posterior muscle spasm. In those cases that are recalcitrant to conservative therapy, a Kidner procedure, or resection of the accessory bone with reattachment of tendon, can be performed [20] .
Stress fracture of the navicular
Stress fractures of the navicular bone are common in adolescent athletes, particularly males; however, with an increasing number of female athletes being anorexic, amenorrheic, and osteoporotic, this number is approaching parity. The diagnosis of a navicular stress fracture can be delayed for several months, because the presentation is usually of a vague onset of dorsomedial foot pain. Typically symptoms are exacerbated by running, particularly sprinting [21] .
Certain anatomic configurations of the adolescent foot can potentiate this problem, including reduced ankle dorsiflexion with a tight gastrocsoleus complex, limited subtalar motion, and a Morton-type foot with a relatively long second ray. All of these anatomic variants confer increased biomechanical loads through the navicular, thus increasing the risk of injury.
As the central third of the navicular has a poorer blood supply than the remainder of the bone, the fracture is typically seen in the middle third orientated in the sagittal plane, perpendicular to the long axis of the bone. The fracture starts at the proximal end of the bone and progresses distally over time.
Diagnosis can be difficult using conventional radiographs, and contemporary multiplanar CT images are preferred. In addition, MRI may demonstrate marrow edema, a subtle indicator of a prefracture [22] .
Initial treatment comprises restricted activity in a Cam walker or cast for 4 to 6 weeks. This can be augmented with a bone stimulator. In those cases that do not show evidence of adequate resolution, internal fixation can provide excellent outcomes.
Compression of medial plantar nerve (Jogger nerve)
As the medial plantar nerve runs through the master knot of Henry at the plantar medial aspect of the foot, it can become compressed. This neurapraxia causes symptoms of pain along the medial aspect of the foot radiating to the great toe and occasionally to the ankle. Anatomic variants with forefoot abduction, heel valgus, or overpronation can potentate this complaint. In addition, certain shoe wear with high medial arches can also compress the nerve, exacerbating the condition.
Symptoms may be potentiated clinically by everting the heel or asking the patient to stand on the ball of their feet. A Tinel nerve compression test is usually positive.
Treatment is directed at addressing the appropriate footwear, including the use of a longitudinal arch support that limits pronation. Rarely is surgical release required; however, when surgery is required the athlete can usually resume training at 6 weeks.
Forefoot pain
Common adolescent runners' forefoot problems include (1) metatarsal stress fractures, (2) Freiberg infraction, (3) fifth metatarsal avulsion fractures, (4) turf toe, (5) hallux rigidus, and (6) hallux valgus, discussed in the following sections.
Metatarsal stress fractures
Stress fractures occur as a result of a mechanical overload. Under normal loading conditions, Wolff's law dictates that bone remodels and hypertrophies in response to load. As part of this process, osteoclastic bone resorption occurs and is paralleled by osteoblastic bone proliferation. In overuse injuries, the bone resorption process exceeds the proliferative phase and the end result is that bone becomes weak and fractures [23] . In the adolescent athlete, a rapid increase in the duration and intensity of running predisposes the metatarsals to physiologic overload.
The second metatarsal is the most prevalent to overload followed by the third, first, fourth, and fifth metatarsals, respectively. Diaphyseal and neck stress fractures most commonly occur in the second and third metatarsals, whereas fractures of the fifth metatarsal often involve the base of the bone.
Symptoms are generally noted 2 to 3 weeks after the onset of an increase in training. Pain is related to activity initially and can progress to normal weight bearing, but may be precipitated in the examining room by dorsiflexion of the involved ray.
Radiographs are of marginal value in diaphyseal injuries until 2 weeks following the injury and in cancellous bone this can take up to 24 weeks to be visible radiographically [24] (Fig. 6 ).
Treatment is directed at reducing the activity level to encourage bone proliferation and consolidation. This can be in a CAM walker for some patients, but most athletes can manage in a comfortable shoe. The usual time to consolidation is 3 to 4 weeks, and training is commenced at a gradual increase in duration and frequency after this. Forefoot overload from a tight gastrocsoleus complex should be addressed with physical therapy. Rarely, this will require a gastrocsoleus slide or surgical lengthening. In those cases where delayed union or nonunion is evident, a metabolic profile should be taken and the patient can be commenced on a bone stimulator. In the case of fifth metatarsal stress fractures, the treatment is somewhat more prolonged. These fractures occur in the metadiaphysis of the fifth metatarsal about 1.5 cm from the base. They are not intraarticular fractures, in contradistinction to the often-mislabeled Jones fracture. These insufficiency fractures require 6 weeks immobilization in a non-weight-bearing cast. Occasionally, initial screw fixation is warranted in these stress fractures to facilitate an early return to activity for an elite athlete. The screw should remain in situ for as long as the athlete is competing [25] .
Freiberg infraction
Osteochondrosis of the metatarsal head represents an avascular event in the metatarsal epiphysis. It is seen commonly in the second ray, and more than 75% of cases are seen in girls over the age of 13 years. Initially, the disease process was considered to be an acute traumatic event; however, it appears as though repetitive microtrauma resulting in stress fractures through the metatarsal head may play a significant role. A Morton-type foot, with a long second or third ray, can predispose the athlete to repetitive loading on the metatarsal heads when running or jumping [26] (Fig. 2) .
Symptoms include pain and swelling over the second or third metatarsal head that is aggravated by activity and weight bearing. Motion in the metatarsal phalangeal joint is restricted. Radiographs demonstrate osteosclerosis at the initial stages of the disease. This is followed by osteolysis and collapse later in the course of the disease.
Management of symptoms includes a metatarsal pad within a stiff-soled postoperative shoe. For advanced stage disease, cast immobilization may be required for up to 12 weeks. For recalcitrant cases, a dorsal closing wedge osteotomy can be used with satisfactory outcomes [27] .
Turf toe
Turf toe occurs with hyperdorsiflexion of the first metatarsophalangeal joint, causing a sprain in the plantar capsule and supporting structures. Turf toe is more common on artificial running surfaces and occurs primarily with a forceful push-off from a plantigrade great toe. Patients complain of pain over the first metatarsophalangeal joint on dorsiflexion. Care should be taken to evaluate the medial and lateral collateral ligaments in addition to the position and alignment of the sesamoid bones, to rule out concomitant injury. Plain radiographs are of marginal benefit other than evaluating the position of the sesamoid bones. MRI is a useful modality and can identify the degree of injury in addition to identifying chondral injuries. Treatment is largely conservative with 3 weeks immobilization in a postoperative shoe. In more severe grades of ligamentous laxity, a cast is preferred with the toe on 10 degrees of plantar flexion to take the resting tension off the plantar structures. Surgery is restricted to recalcitrant cases and those cases with osteochondral injury. In general, turf toe has a less than excellent outcome, with most series reporting just over half of patients being satisfied with outcome [28] .
Sesamoid fractures and sesamoiditis
The sesamoid bones are intratendinous structures that improve the biomechanical advantage of the flexor tendon to the great toe. Forces of greater than four times body weight are transmitted through these small bones when the adolescent is running. Patients complain of pain, in particular on toe push-off, over the sesamoid bones. Plain radiographs can demonstrate a fracture; however, up to 30% of sesamoids are bipartite or multipartite; therefore, MRI is a more useful modality to make a definitive diagnosis. Treatment consists of rest, antiinflammatory medication, and a stiff-soled shoe. The toe should be taped in a slightly flexed position and a doughnut or J pad can be used to redistribute weight away from the sesamoid bones. Rarely is surgery required and only in cases of nonunion or osteonecrosis is this warranted. The fibular sesamoid should be removed through a dorsal first web-space incision, and the tibial sesamoid can be removed through a medial incision with care to avoid the plantar cutaneous nerve or nerve to the abductor hallucis.
Hallux valgus
Juvenile hallux valgus deformities can cause pain to the adolescent runner from abrasion over the medial eminence. Rarely is the joint itself painful. Accommodating footwear is the best treatment initially, and in those cases where a flat foot is present, an orthotic device can be worn to improve symptoms. Surgical treatment should be avoided wherever possible and in those cases where surgery is unavoidable, a limited procedure to allow function should be performed [29] .
Hallux rigidus
Proliferation of bone secondary to repetitive trauma and wear and tear of the first metatarsophalangeal joint prevents adequate dorsiflexion of the great toe. Hallux rigidus is not common in adolescents because it is principally a degenerative process. Despite that, however, hallux rigidus can occur as a result of a traumatic event and can be associated with an osteochondral lesion in the adolescent population. Various anatomic configurations have been proposed as to the possible cause of hallux rigidus, including a metatarsus primavarus, pes planus, a pronated foot, and a long slender foot [30] . There is no consensus that these conditions do place the adolescent athlete at greater risk; however, it is not unreasonable to suggest that overloading the first ray is the primary cause of this entity, either from repetitive microtrauma or from a single traumatic episode.
Patients complain of restriction in motion and pain in toe-off when walking or running. Plain radiographs provide evidence of dorsal and medial bone proliferation, but a MRI scan is required to rule out osteochondral lesions in the adolescent. This is not usually required in the adult, when the process is usually degenerative and the incidence of generalized articular loss and degeneration is higher. Treatment consists of a carbon fiber orthosis or a rocker bottom shoe; however, most athletes are unable to tolerate these orthoses, and thus a simple cheilectomy is usually advocated in the adolescent athlete. In cases of discrete osteochondral lesions, drilling of the subchondral bone can provide a fibrocartilaginous repair [31] [32] [33] [34] .
Conclusion
Adolescent running injuries are common and becoming more frequent as trainers and athletes alike place increasing demands on the growing body. Many extrinsic factors including shoe wear, running surfaces, and equipment can be modified to accommodate the varying stages of the developing runner. Similarly, coaches should modify training regimens to facilitate the various strengths and weaknesses inherent in a developing athlete. Although currently no data exist that overuse injury in adolescents produces long-term repercussions, it is reasonable to protect against this possibility by preventing these injuries initially. This is achieved by assessing the adolescent's physical development and motor skills before the training season. Age-specific training is of marginal benefit because development is extremely variable at adolescence. Training should be directed and tailored to the individual, taking into account the strengths and weaknesses and how these weaknesses can be addressed as development proceeds. It is only by prevention of injury wherever possible and recognizing injury when it does occur that we can ensure that the adolescent athlete is making a sound investment in their future well-being.
